INTRODUCTION
IN A previous paper (FEINSTEIN and WILLIAMS, 1971 ) the relationship between the horizontal and vertical saccadic systems was examined. Results indicate that the two orthogonal saccadic systems share a common information processing channel. The series of experiments which are discussed in this paper, are intended to investigate the relationship between the horizontal saccadic and the vertical smooth pursuit system. Since the saccadic system responds to non-predictive aperiodic stimuli and the smooth pursuit system responds to continuous predictive stimuli (RASHBASS, 1961; ROBINSON, 1965) , a combination of these two forms of stimuli was used.
METHODS
The apparatus used to measure eye movements was the same as that reported on in FEINSTEIN and WILLIAMS (1971) . To investigate the relationship between the horizontal saccadic and vertical smooth pursuit system, a predictive random paradigm was chosen. The smooth pnrsuit system will respond only to the predictive part of the input (assuming that no error correcting saccades are required) and the saccadic system will respond only to the random part of the input. The target velocity can be controlled by using triangular waveforms for the predictive input. The target velocity is a linear function of the triangular input frequency. Since the smooth pursuit system is sensitive to the target velocity, whereas the saccadic system is sensitive to the target position (RaMBAsr, and WAR, l%I) , the smooth pursuit system alone can be utilized, provided the target velocity is properly chosen. If random horizontal steps are superimposed on the predictive vertical input, saccades will be evoked from the horizontal saccadic system. By varying the target velocity, one can obtain a function which relates the orthogonal smooth pursuit system and the saccadic system. The predictive random paradigm consisted of a triangular waveform for the vertical input and a random step for the horizontal input. The dispktcement of both the horizontal and vertical inputs was &5 deg from the primary position of gaze. The target moved vertically up and down at a iixed velocity, with randomly occurring horizontal steps l-3 set in duration superimposed on the vertical motion. A typical target presentation consisted of target motion up and down at the primary horizontal position of gaze. The vertical motion was continued for 1.3 set after a 5-deg step to the right. The target then returned to the center horizontal position, while vertical target motion was continued throughout. After a cycle time of approximately 4 set another random horizontal step occurred. The vertical input was present at all times during an experimental run. Each occurrence of a step constituted an experimental trial; 30 such triaIs comprised an experimental block of trials.
The data for this experiment were obtained from three male subjects, J.H., J.M., and W.O., ranging in 1 This research was supported by funds from the Highway Safety Research Institute, University of Michigan.
2 Presently with the Marine Biomedical Institute, 200 University Blvd., Galveston, Texas 77550. 45
age from 19 to 21 years. Each subject was run through 6 groups of 5 blocks, each group being given on a different day. Each block of trials had a different value of vertical target frequency. The frequencies were (in Hz): 0.1,0*2, 0.3, 0.4 and 0.5. The first group of trials served to familiarize the subject with the apparatus and the experimental paradigm; no data were recorded for this gsoup. In each of the remaining 5 groups of blocks, the initial 10 trials of each block were used to acquaint the subject with the paradigm, and the remaining 20 trials were recorded and used as data. The subjects were instructed to follow the target as accurately and as quickly as possible. The subjects participated in other experiments on the days in which these data were taken. All data for the subjects were obtained over the same time period. Three quantities were recorded for each trial: frequency, RT and phase. RT was defined as the reaction time to the horizontal target step. The phase was defined (as shown in Fig. 1 ) as the relative vertical position at which the horizontal step occurred. Since the vertical and horizontal inputs were not synchronized, the phase was a random quantity. The raw data was processed by taking all blocks of the same frequency for each subject and determining the average RT and the standard deviation. In addition, the trials were processed by sorting them into bins 30 deg in width as a function of phase. Using a computer, the following calculations were made for each such bin: the number of points lying within that bin, the average value of RT over that bin, and the standard deviation for that bin. The above illustration shows that starting on the left bottom, the phase starts at 0 deg. Proceeding up and to the right, the peak is defined as 180 deg. As soon as the target starts its descent, it is regarded as being at 0 deg and proceeding to 180 deg at the bottom. This definition of phase does not take into consideration any differences in oculomotor performance which may exist between upward and downward eye movements.
In addition to the above experiment, an identical experiment was performed in which both the stimuli were in the horizontal plane. This was done to better enable the horizontal-vertical results to be related to previous results in the horizontal plane.
RESULTS
A typical recording obtained using the predictive/random paradigm is shown in Fig. 2 . The variables-RT, frequency, and phase-are illustrated in this figure. Figures 3(a-e) represent plots of the averaged data for the three subjects for the 5 values of frequency used. Since peak to peak vertical target displacement was 10 deg, 0.1 Hz represents a target velocity of 2 deg/sec and O-5 Hz represents a velocity of 10 deg/sec. Each point df these plots represents the average of at least 15 experimental trials. It can be seen from the figures that the results for the 3 subjects are similar, the only significant difference being in the subject's mean reaction time, as shown in Fig. 4 . It can be seen from Table 1 that there is no significant difference between the case when both the saccadic and smooth pursuit responses are in the same plane or in orthogonal planes.
DISCUSSION
The results obtained in this experiment are almost identical for all five values of target frequency. There seems to be no evidence that RT is a function of phase. Figure 4 does indicate that there is a slight increase in RT as target velocity is incresed. These facts indicate that for the range of target velocities covered in this experiment, the combined systems performance is independent of target position; it is, however, a function of target frequency (the t statistic gives a 98 per cent confidence interval). Since we know that the smooth pursuit system's performance is limited by target velocity (RASHBASS, 1961; ROBINSON, 1965), it is not unwarranted to assume that in this experiment, the velocity dependence can be attributed to the vertical smooth pursuit system. Thus, the results indicate that the horizontal saccadic and vertical smooth pursuit systems are parallel processors, the vertical smooth prlrsuit system being performance limited by target velocity.
The conclusions regarding the relationship of the horizontal smooth pursuit and saccadic systems based upon the results in Table 1 are that they are independent and this is in agreement with the findings of RASHBASS (1961) . As reported in another paper (FEINSTEIN and WILLIAMS, 1971 ) the horizontal and vertical saccadic systems are complexly interrelated. In summary, the experimental findings to date indicate the following relationships: 1. The horizontal smooth pursuit and saccadic systems are independent. 2. The horizontal and vertical saccadic systems are complexly interrelated. 3. The horizontal saccadic and vertical smooth pursuit systems are independent.
